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6RXUFHV�RI�$JULFXOWXUDO�6WDWLVWLFV���3DUW�����'LVFXVVLRQ

3URI��%DO�%�3�6��*RHO

)RUPHU�'LUHFWRU��,QGLDQ�$JULFXOWXUDO�6WDWLVWLFV�5HVHDUFK�,QVWLWXWH

�� ,QWURGXFWLRQ

7KHUH�DUH�VHYHQ�SDSHUV�LQ�DOO��LQFOXGLQJ�ILYH�LQYLWHG�SDSHUV�DQG�WZR�FRQWULEXWHG�SDSHUV��IRU�WKLV�VHVVLRQ��

,Q�WHUPV�RI�JHRJUDSKLFDO�FRYHUDJH��WKHVH�FRQWULEXWLRQV�UHSUHVHQW�IRXU�FRQWLQHQWV�DQG�VHYHUDO�FRXQWULHV�

DQG�FRYHU�RYHU�RQH�WKLUG�RI�DJULFXOWXUH�LQ�WKH�ZRUOG���7KHVH�DUH�YDOXDEOH�GRFXPHQWV�EDVHG�RQ�ULFK

H[SHULHQFH�RI�WKH�DXWKRUV�DQG�,�KDYH�HQMR\HG�UHDGLQJ�WKHP���)LYH�SDSHUV�GHDO�ZLWK�DJULFXOWXUDO�FHQVXVHV

DQG�WZR�ZLWK�UHODWHG�DVSHFWV�RI�´,QWHJUDWLRQ�RI�$GPLQLVWUDWLYH�'DWD�ZLWK�&HQVXV�DQG�6XUYH\�'DWDµ�DQG

´6DPSOLQJ�6WUDWHJLHV�IRU�$JULFXOWXUDO�&HQVXVHV�DQG�6XUYH\V�LQ�'HYHORSLQJ�&RXQWULHVµ���$JULFXOWXUDO

FHQVXVHV�DUH�FRQGXFWHG�LQ�GLIIHUHQW�FRXQWULHV�RI�WKH�ZRUOG�LQ�D�YDULHW\�RI�ZD\V���6RPH�FRXQWULHV

FRQGXFW�D�FRPSOHWH�FHQVXV�RI�DJULFXOWXUH��ZKLOH�RWKHUV�XQGHUWDNH�RQO\�D�VDPSOH�HQXPHUDWLRQ���7KH

GLIIHUHQFHV�LQ�DJULFXOWXUDO�FHQVXV�SURJUDPPHV�DOVR�H[LVW�LQ�WHUPV�RI�LQWHUYDO�EHWZHHQ�VXFFHVVLYH

FHQVXVHV��FRQWHQW�DQG�PHWKRGRORJ\�RI�GDWD�FROOHFWLRQ�DQG�DQDO\VLV��GLVVHPLQDWLRQ�RI�FHQVXV�UHVXOWV��HWF��

)RU�H[DPSOH��$XVWUDOLD�KDV�EHHQ�FRQGXFWLQJ�DQ�DQQXDO�SRVWDO�FHQVXV���0RVW�FRXQWULHV�LQ�$IULFD�DQG

PDQ\�FRXQWULHV�LQ�$VLD�FRQGXFW�D�GHFHQQLDO�VDPSOH�FHQVXV�EDVHG�RQ�IDUPHUV·�LQWHUYLHZV���&RPPHQWV�RQ

LQGLYLGXDO�SDSHUV�DUH�DV�IROORZV�

�� ´([SHULHQFH�ZLWK�$QQXDO�&HQVXVHV�RI�$JULFXOWXUHµ

E\�*OHQ�6ZDUG��*HRII�+HIIHUQDQ�DQG�$ODQ�0DFND\��$XVWUDOLDQ�%XUHDX�RI�6WDWLVWLFV

7KH�SDSHU�JLYHV�LQ�UHWURVSHFW�WKH�ORQJ�DQG�VXFFHVVIXO�H[SHULHQFH�RI�$%6�LQ�FRQGXFWLQJ�SRVWDO

DJULFXOWXUDO�FHQVXVHV���6RPH�KLJKOLJKWV�RI�WKH�DQQXDO�FHQVXV�SURJUDPPH�DUH���LWV�IOH[LELOLW\��VWUDWHJLHV

WR�LPSURYH�UHVSRQVH�UDWHV��TXDOLW\�RI�VWDWLVWLFDO�RXWSXWV��FRPSXWHU�EDVHG�GDWD�HQWU\�V\VWHP�

GLVVHPLQDWLRQ�RI�QDWLRQDO�DQG�UHJLRQDO�HVWLPDWHV�RQ�GLVNHWWHV�DQG�&'�520�DSDUW�IURP�SULQWHG�UHSRUWV��

&XVWRPL]HG�GDWD�VHUYLFHV�IRU�D�IHH�DUH�DOVR�DYDLODEOH���,Q�WKH�IXWXUH��GDWD�FDSWXUH�YLD�,QWHUQHW�LV�EHLQJ

FRQVLGHUHG���2QH�RI�WKH�PRVW�LPSRUWDQW�RXWSXWV�RI�WKH�FHQVXVHV�LV�6WDWLVWLFDO�/RFDO�$UHDV�GDWD���7ULDOV

DUH�XQGHUZD\�WR�SURYLGH�GDWD�DFFRUGLQJ�WR�XVHUV·�VSHFLILF�QHHGV���+RZHYHU��RQO\�D�SDVVLQJ�UHIHUHQFH

KDV�EHHQ�PDGH�DERXW�WKH�SRVW�HQXPHUDWLRQ�VXUYH\�FRQGXFWHG�DIWHU�WKH�FHQVXV���+RZ�ZDV�LW�FRQGXFWHG

DQG�KRZ�LW�KHOSHG�WR�LPSURYH�WKH�FHQVXV�SURJUDPPH�LV�QRW�JLYHQ���5HOHDVH�RI�ILUVW�HVWLPDWHV�RQ�WKH

EDVLV�RI����SHUFHQW�GDWD�ZLWKLQ���PRQWKV�RI�FRPSOHWLRQ�RI�FHQVXV�LV�UHPDUNDEOH�LQ�WHUPV�RI�WLPHOLQHVV�

EXW�XQOHVV�WKLV����SHUFHQW�LV�D�UHSUHVHQWDWLYH�VDPSOH�IURP�WKH�ZKROH�SRSXODWLRQ��WKH�UHVXOWV�PD\�KDYH

OLPLWHG�XWLOLW\���1RQ�VDPSOLQJ�HUURUV�FRPPRQ�WR�SRVWDO�FHQVXVHV�DUH�H[SHFWHG�WR�EH�SUHVHQW�LQ�WKH

FHQVXV�UHVXOWV�

7KH�SDSHU�GRHV�QRW�JLYH�DQ\�GHWDLOV�DERXW�WKH�SURJUDPPH�RI�DQQXDO�FRPPRGLW\�VDPSOH�VXUYH\V�IRU

��������DQG�WKH�SURSRVHG���\HDUO\�DJULFXOWXUDO�FHQVXV�WR�EH�XQGHUWDNHQ�LQ���������WR�UHSODFH�WKH

DQQXDO�FHQVXV���7KHVH�GHWDLOV�ZRXOG�KDYH�EHHQ�RI�PXFK�LQWHUHVW���7KH�QHZ�SURJUDPPH�RI�VDPSOH

VXUYH\V�DQG�FHQVXVHV�ZLOO�XQGRXEWHGO\�EHQHILW�IURP�WKH�H[SHULHQFH�DQG�H[SHUWLVH�GHYHORSHG�E\�WKH�$%6

LQ�FRQGXFWLQJ�FHQVXVHV�RYHU�D�ORQJ�WLPH���+RSHIXOO\��WKH�QHZ�SURJUDPPH�ZLOO�DOVR�RYHUFRPH�VRPH�RI

WKH�SUREOHPV�HQFRXQWHUHG�GXULQJ�WKH�HDUOLHU�DQQXDO�FHQVXVHV�DQG�KHOS�LQ�UHGXFLQJ�QRQ�VDPSOLQJ�HUURUV

LQ�WKH�GDWD��DSDUW�IURP�UHGXFLQJ�WKH�FRVW���,Q�SDUWLFXODU��LW�PD\�EH�ZRUWKZKLOH�WR�H[DPLQH�WKH�IHDVLELOLW\

RI�XVLQJ�REMHFWLYH�PHWKRGV�RI�GDWD�FROOHFWLRQ�LQ�WKH�VXUYH\���8VLQJ�VRPH�RI�WKH�UHFHQWO\�GHYHORSHG



���

WHFKQLTXHV�IRU�VPDOO�DUHD�HVWLPDWLRQ��WKH�VXUYH\�GDWD�PD\�EH�DEOH�WR�VDWLVI\�WKH�GHPDQG�IRU�VPDOO�DUHD

VWDWLVWLFV�DV�ZHOO�

�� ´([SHULHQFHV�ZLWK�&HQVXV�RI�$JULFXOWXUH�LQ�$IULFDµ

E\�%HQ�.LUHJ\HUD��)$2�&RQVXOWDQW��0LQLVWU\�RI�$JULFXOWXUH��7DQ]DQLD

7KLV�SDSHU�JLYHV�WKH�H[SHULHQFH�RI�FRQGXFWLQJ�DJULFXOWXUH�FHQVXVHV�LQ�$IULFDQ�FRXQWULHV�EDVHG�RQ�WKH

DXWKRU·V�H[SHULHQFH�LQ�7DQ]DQLD��=DPELD�DQG�SRVVLEO\�RWKHU�$IULFDQ�FRXQWULHV���$JULFXOWXUDO�FHQVXV�LQ

$IULFDQ�FRXQWULHV�LV�D�VDPSOH�FHQVXV�LQ�ZKLFK�GDWD�DUH�FROOHFWHG�E\�WUDLQHG�HQXPHUDWRUV�E\�LQWHUYLHZLQJ

WKH�VHOHFWHG�IDUPHUV��DQG�KRXVHKROG�UDWKHU�WKDQ�DJULFXOWXUDO�KROGLQJ�LV�WKH�XQLW�RI�HQXPHUDWLRQ��

2UJDQL]DWLRQDO�DQG�RSHUDWLRQDO�SUREOHPV�VXFK�DV�WLPLQJ�RI�WKH�FHQVXV��LWV�KLJK�FRVW�DQG�FRPSOH[LW\�

ODFN�RI�WHFKQLFDO�VNLOOV�DQG�H[SHULHQFH��DQG�WHFKQLFDO�SUREOHPV�VXFK�DV�FRQVWUXFWLRQ�RI�VDPSOLQJ�IUDPHV�

VDPSOH�VHOHFWLRQ��SUREOHPV�RI�PHDVXUHPHQW�RI�DUHD�DQG�\LHOG�VSHFLILF�WR�$IULFDQ�FRXQWULHV��DSDUW�IURP

WKH�VWHSV�QRUPDOO\�LQYROYHG�LQ�FRQGXFWLQJ�D�FHQVXV��KDYH�EHHQ�ZHOO�FRYHUHG�LQ�WKH�SDSHU�

7KH�VXEVLVWHQFH��RU�WUDGLWLRQDO��VHFWRU�LV�TXLWH�ODUJH�LQ�$IULFDQ�FRXQWULHV��EXW�,�KDYH�VHHQ�WKDW�WKH

ODUJH�VFDOH�FRPPHUFLDO�VHFWRU�LV�DOVR�TXLWH�VLJQLILFDQW�LQ�FRXQWULHV�OLNH�0DODZL�DQG�=LPEDEZH�

$JULFXOWXUDO�FHQVXV�LQ�$IULFDQ�FRXQWULHV�LV�DQ�H[SHQVLYH�DQG�FRPSOH[�VWDWLVWLFDO�RSHUDWLRQ�XQGHUWDNHQ

ZLWK�GRQRU�VXSSRUW���7KH�PDLQ�UHDVRQV�IRU�LWV�KLJK�FRVW�DQG�FRPSOH[LW\�DUH���WUDGLWLRQDO�QDWXUH�RI

DJULFXOWXUDO�VHFWRU��SRRU�LQIUDVWUXFWXUH�DQG�ODFN�RI�WHFKQLFDO�VNLOOV�DQG�H[SHULHQFH��DV�SRLQWHG�RXW�LQ�WKH

SDSHU���+RZHYHU��WKH�PHWKRGRORJ\�XVHG�IRU�DJULFXOWXUDO�FHQVXV�DOVR�ODFNV�VLPSOLFLW\�DQG�QHHGV�WR�EH

UHYLHZHG���7KH�VFRSH�RI�GDWD�FROOHFWHG�LQ�DJULFXOWXUDO�FHQVXV�LQ�$IULFDQ�FRXQWULHV�DOVR�QHHGV�WR�EH

VFDOHG�GRZQ�

(QXPHUDWLRQ�DUHDV��($V��DUH�WKH�SULPDU\�VDPSOLQJ�XQLWV��368V����6LQFH�WKHVH�DUH�PRUH�RU�OHVV�HTXDO�LQ

VL]H��WKHUH�LV�QRW�PXFK�SRLQW�LQ�VHOHFWLQJ�WKH�($V�ZLWK�SUREDELOLW\�SURSRUWLRQDO�WR�VL]H��336��ZLWK

QXPEHU�RI�KRXVHKROGV�DV�WKH�VL]H�PHDVXUH�DQG�ZLWK�UHSODFHPHQW���7KH�DXWKRU�REVHUYHV�LQ�VHFWLRQ�������

RI�WKH�SDSHU�WKDW�VRPH�LPSRUWDQW�DJULFXOWXUDO�YDULDEOHV�DUH�QRW�UHODWHG�WR�SRSXODWLRQ�QXPEHUV��

0RUHRYHU��WKH�SRSXODWLRQ�QXPEHUV�XVHG�DUH�DOVR�PRVWO\�RXW�RI�GDWH���$V�DOVR�SRLQWHG�RXW�E\�'DYLG�LQ

KLV�SDSHU��LW�LV�QHFHVVDU\�WKDW�VDPSOLQJ�GHVLJQV�XVHG�LQ�DJULFXOWXUDO�FHQVXVHV�QHHG�WR�EH�VLPSOH�DQG

HDVLO\�PDQDJHG�E\�QDWLRQDO�VWDWLVWLFLDQV�WKHPVHOYHV���7KHQ�ZK\�XVH�336�VDPSOLQJ"

7KH�XVH�RI�REMHFWLYH�PHWKRGV�RI�PHDVXUHPHQW�RI�DUHD�DQG�\LHOG�LQ�FHQVXV��PHQWLRQHG�LQ�WKH�SDSHU�

PDNHV�LW�YHU\�FRPSOLFDWHG�DQG�H[SHQVLYH���6LPSOHU�PHWKRGV��OLNH�SDFLQJ�PHWKRG�RI�PHDVXUHPHQW�RI

DUHD�DQG�IDUPHUV·�HVWLPDWHV�RI�SURGXFWLRQ�VRRQ�DIWHU�KDUYHVW��FRXOG�EH�XVHG�FRQYHQLHQWO\�LQVWHDG�RI

WKHVH�PHWKRGV�

/RZ�SDUWLFLSDWLRQ�E\�$IULFDQ�FRXQWULHV�LQ�DQ�DJULFXOWXUDO�FHQVXV�SURJUDPPH�LV�D�PDWWHU�RI�VHULRXV

FRQFHUQ���2QO\����RXW�RI����FRXQWULHV�SDUWLFLSDWHG�LQ�WKH�:RUOG�&HQVXV�RI�$JULFXOWXUH��:&$�

SURJUDPPH�LQ��������7KHUH�LV�DQ�XUJHQW�QHHG�WR�ORRN�LQWR�WKH�SUREOHPV�RI�WKHVH�FRXQWULHV�VR�DV�WR

LPSURYH�WKHLU�SDUWLFLSDWLRQ�LQ�WKH�:&$������SURJUDPPH�

7KH�VXJJHVWLRQ�WR�HVWDEOLVK�D�FHQVXV�SURJUDPPH�WR�FRPELQH�FROOHFWLRQ�RI�ERWK�DJULFXOWXUH�DQG

SRSXODWLRQ�GDWD�WR�LPSURYH�WKH�IXWXUH�RXWORRN�IRU�WKH�FHQVXV�SURJUDPPH�LV�JRRG��DQG�WKLV�LV�DOVR�EHLQJ

HQFRXUDJHG�E\�)$2���+RZHYHU��H[SDQGLQJ�WKH�VFRSH�RI�DQQXDO�VXUYH\V�LQ�$IULFD�WR�LQFOXGH�GDWD�RQ

LQGLFDWRUV�QRUPDOO\�PRQLWRUHG�E\�DJULFXOWXUDO�FHQVXV�QHHGV�IXUWKHU�GLVFXVVLRQ��ILUVWO\��EHFDXVH�FHQVXV

LQGLFDWRUV�QHHG�QRW�EH�PRQLWRUHG�HYHU\�\HDU��DQG�VHFRQGO\��EHFDXVH�WKLV�PD\�DGYHUVHO\�DIIHFW�WKH
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TXDOLW\�RI�GDWD�RI�DQQXDO�VXUYH\V���7KLV�W\SH�RI�DUUDQJHPHQW�PD\��KRZHYHU��EH�FRQVLGHUHG�RQFH�LQ�ILYH

\HDUV�LI�DQ�DJULFXOWXUDO�FHQVXV�LV�QRW�EHLQJ�XQGHUWDNHQ�

�� ´6DPSOLQJ�6WUDWHJ\�IRU�$JULFXOWXUDO�&HQVXVHV�DQG�6XUYH\V�LQ�'HYHORSLQJ�&RXQWULHVµ

E\�,VLGRUR�3��'DYLG��$VLDQ�'HYHORSPHQW�%DQN

6HYHUDO�UHDVRQV�DUH�RIWHQ�JLYHQ�LQ�IDYRXU�RI�XVLQJ�FRPSOHWH�HQXPHUDWLRQ�LQ�D�FHQVXV�LQ�VSLWH�RI�LWV

NQRZQ�GLVDGYDQWDJHV���6DPSOH�FHQVXVHV�RI�DJULFXOWXUH�ZHUH�VXFFHVVIXOO\�XQGHUWDNHQ�LQ�,QGRQHVLD�DQG

1HSDO�LQ������DQG�LQ�WKH�3KLOLSSLQHV�LQ��������)XUWKHU��WKH�VDPSOHV�IRU�LQWHUFHQVDO�DJULFXOWXUDO�VXUYH\V

LQ�WKHVH�FRXQWULHV�ZHUH�VHOHFWHG�IURP�WKH�PDLQ�FHQVXV�VDPSOHV���/LQNLQJ�WKH�FHQVXV�RI�DJULFXOWXUH�ZLWK

LQWHUFHQVDO�VXUYH\V�LQ�WKLV�ZD\�KDV�VHYHUDO�DGYDQWDJHV�VXFK�DV�OLNHO\�UHGXFWLRQ�RI�GLVFUHSDQFLHV�IURP�WKH

WZR�VRXUFHV���7KH�FHQVXV�FDQ�DOVR�EH�XVHG�DV�D�VRXUFH�RI�FRQFRPLWDQW�YDULDEOHV�IRU�UDWLR�UHJUHVVLRQ

HVWLPDWHV�RU�DV�WKH�VDPSOLQJ�IUDPH���8VLQJ�WKH�GDWD�IURP�WKH�3KLOLSSLQHV��VRPH�GRXEW�KDV�EHHQ

H[SUHVVHG�DERXW�WKH�WUXVWZRUWKLQHVV�RI�D�FRPSOHWH�FHQVXV�DV�D�VRXUFH�RI�VPDOO�DUHD�VWDWLVWLFV��ZKLFK�LV

WKH�PDLQ�UHDVRQ�JLYHQ�LQ�LWV�IDYRXU�

,Q�IDFW��WKHUH�DSSHDUV�WR�EH�QR�SRLQW�LQ�GRLQJ�D�FRPSOHWH�HQXPHUDWLRQ�IRU�DJULFXOWXUDO�FHQVXV�XQOHVV

WKHUH�DUH�YHU\�FRPSHOOLQJ�UHDVRQV�WR�GR�VR�DV�LQ�WKH�FDVH�RI�FHQVXVHV�RI�SRSXODWLRQ�DQG�KRXVLQJ���2Q

DFFRXQW�RI�UHVRXUFH�FRQVWUDLQWV��PDQ\�FRXQWULHV�ZLOO�KDYH�QR�FKRLFH�H[FHSW�GRLQJ�D�VDPSOH�DJULFXOWXUDO

FHQVXV���%XW�VKRXOG�WKDW�EH�WKH�RQO\�UHDVRQ�LQ�IDYRXU�RI�GRLQJ�VDPSOH�HQXPHUDWLRQ"

7KH�UHDVRQ�JLYHQ�E\�)$2�WKDW�WKH�XVH�RI�VDPSOLQJ�LQ�DJULFXOWXUH�ZLOO�QHHG�VDPSOLQJ�H[SHUWV�ZKR�DUH

QRW�DYDLODEOH�LQ�DJULFXOWXUDO�VWDWLVWLFV�DJHQFLHV�QHHGV�IXUWKHU�GLVFXVVLRQ���)LUVWO\��WKHUH�LV�QR�QHHG�WR�XVH

FRPSOLFDWHG�VDPSOLQJ�GHVLJQV�LQ�DJULFXOWXUDO�FHQVXVHV�DQG�VXUYH\V���$�VLPSOH�VWUDWLILHG�WZR�VWDJH

VDPSOH�GHVLJQ�LV�VXLWDEOH�IRU�ERWK�FHQVXVHV�DQG�VXUYH\V�LQ�DJULFXOWXUH�LQ�PRVW�VLWXDWLRQV���8VH�RI�336

VDPSOLQJ��ZLWK�RU�ZLWKRXW�UHSODFHPHQW��LQ�DJULFXOWXUDO�VXUYH\V�FHQVXVHV�VHOGRP�UHVXOWV�LQ�VLJQLILFDQW

JDLQV�LQ�VWDWLVWLFDO�HIILFLHQF\�DQG�QHHGV�WR�EH�DYRLGHG���*HQHUDOO\��GDWD�RQ�D�QXPEHU�RI�YDULDEOHV�DUH

FROOHFWHG��DQG�LI�WKHUH�LV�VRPH�JDLQ�LQ�HIILFLHQF\�IRU�VRPH�YDULDEOHV��WKHUH�LV�ORVV�IRU�RWKHUV�

6HFRQGO\��VKRXOG�LW�EH�QHFHVVDU\�WR�DOZD\V�FRPSXWH�VDPSOLQJ�HUURUV�RI�WKH�HVWLPDWHV"��3HUKDSV�QRW��LI�LW

LV�NQRZQ�WKDW�WKH�VDPSOLQJ�HUURU�LV�QRW�OLNHO\�WR�EH�XQUHDVRQDEO\�KLJK���6DPSOLQJ�HUURUV�GR�QRW�FKDQJH

PXFK�XQOHVV�WKHUH�LV�D�VLJQLILFDQW�FKDQJH�LQ�WKH�VWUXFWXUH�RI�WKH�SRSXODWLRQ�RU�WKH�VDPSOLQJ�VWUDWHJ\

DGRSWHG�IRU�WKH�FHQVXV�VXUYH\���,I�FDSDELOLWLHV�DUH�QRW�DYDLODEOH��FRPSXWDWLRQ�RI�VDPSOLQJ�HUURUV�PD\�EH

OLPLWHG�WR�SLORW�VWXGLHV�DQG�HVWLPDWHG�RQO\�RFFDVLRQDOO\���0RUH�DWWHQWLRQ�QHHGV�WR�EH�SDLG�WR�WKH�FRQWURO

RI�QRQ�VDPSOLQJ�HUURUV��ZKLFK�LV�FRPSDUDWLYHO\�HDV\�LQ�D�VDPSOH�FHQVXV�VXUYH\�

�� ´$JULFXOWXUDO�&HQVXV�DQG�,PSURYHPHQW�RI�5XUDO�6WDWLVWLFV�LQ�&KLQDµ

E\�=KX�;LDQJGRQJ��)$6&��66%��35&

7KH�SDSHU�JLYHV�YDULRXV�DVSHFWV�VXFK�DV�EDFNJURXQG��SODQQLQJ�DQG�RUJDQL]DWLRQ��DQG�RSHUDWLRQDO�DQG

WHFKQLFDO�GHWDLOV�RI�WKH������DJULFXOWXUDO�FHQVXV�LQ�D�V\VWHPDWLF�PDQQHU���,W�DOVR�FRYHUV�WKH�PHWKRG�RI

GDWD�DQDO\VLV�DQG�WKH�GHWDLOV�RI�SRVW�HQXPHUDWLRQ�TXDOLW\�FKHFNV�XQGHUWDNHQ�ZLWKLQ�WZR�PRQWKV�RI

FRPSOHWLQJ�WKH�FHQVXV���7KH�UHVXOWV�RI�WKH�SRVW�HQXPHUDWLRQ�FKHFN�UHYHDOHG�WKDW�WKH�TXDOLW\�RI�FHQVXV

GDWD�ZDV�UHDVRQDEO\�JRRG�DQG�DFFHSWDEOH�WR�JRYHUQPHQW�GHSDUWPHQWV�DW�YDULRXV�OHYHOV���7KH�FRQFHUQHG

&KLQHVH�DXWKRULWLHV�GHVHUYH�WR�EH�FRQJUDWXODWHG�IRU�VXFFHVVIXOO\�DFFRPSOLVKLQJ�VXFK�D�JLJDQWLF�VWDWLVWLFDO

RSHUDWLRQ�LQ�D�WLPHO\�PDQQHU�

,W�LV�QDWXUDO�WR�FRPSDUH�WKH�FHQVXV�UHVXOWV�ZLWK�WKRVH�FRPLQJ�IURP�WKH�WUDGLWLRQDO�DQQXDO�UHSRUW�DQG�VHH

WKH�GLIIHUHQFHV���7KH�GLIIHUHQFHV�DUH�PRUH�LQ�FXOWLYDWHG�ODQG��DJULFXOWXUDO�HQWHUSULVHV�DQG�PDFKLQHU\�
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OLYHVWRFN��FDWWOH��VKHHS�DQG�SLJV��LQ�KDQG�DQG�VROG��HWF���+RZHYHU��ERWK�GDWD�VRXUFHV�KDYH�VRPH

ZHDNQHVVHV���7KH�DQQXDO�UHSRUW�LV�VXEMHFWLYH��DQG�WKH�FHQVXV�GDWD�DUH�VXEMHFW�WR�QRQ�VDPSOLQJ�HUURUV���,W

PD\�QRW�EH�HDV\�WR�UHFRQFLOH�WKHP���,Q�IDFW��WKHUH�LV�DQRWKHU�VRXUFH�RI�GDWD��L�H��WKH�GDWD�IURP�WKH�SRVW�

HQXPHUDWLRQ�VXUYH\��WKDW�DSSHDUV�WR�EH�TXDOLWDWLYHO\�EHWWHU�WKDQ�WKH�GDWD�IURP�WKH�DERYH�WZR�VRXUFHV��

7KH�GDWD�IURP�WKH�SRVW�HQXPHUDWLRQ�VXUYH\�FRXOG�DOVR�EH�XVHG�WR�UHFRQFLOH�WKH�GLIIHUHQFHV���%XW�LW

VHHPV�WKDW�WKLV�VXUYH\�ZDV�SODQQHG�RQO\�IRU�HYDOXDWLQJ�WKH�TXDOLW\�RI�FHQVXV�GDWD�DQG�QRW�IRU�HVWLPDWLQJ

WKH�YDULRXV�LQGLFDWRUV���,W�ZRXOG�KDYH�UHTXLUHG�D�VDPSOH�RI�DERXW�RQH�SHUFHQW�RI�KROGLQJV�WR�SURYLGH

SURYLQFLDO�OHYHO�HVWLPDWHV�IURP�WKLV�VXUYH\��WKH�VDPSOH�VL]H�IRU�WKH�SRVW�HQXPHUDWLRQ�VXUYH\�ZDV�PXFK

OHVV���,Q�UHWURVSHFW��D�VDPSOH�HQXPHUDWLRQ�FRXOG�KDYH�EHHQ�SODQQHG�LQ�SODFH�RI�D�FRPSOHWH�FHQVXV�

7KH�YDOXH�RI�XVLQJ�VDPSOLQJ�LQ�DJULFXOWXUDO�FHQVXVHV�DQG�VXUYH\V�KDV�EHHQ�ZHOO�UHFRJQL]HG�LQ�WKH�SDSHU��

7KH�FHQVXV�IUDPH�ZLOO�EH�XVHG�WR�FRQGXFW�IXWXUH�DJULFXOWXUDO�VDPSOH�VXUYH\V��ZKLFK�ZLOO�KHOS�WR

LPSURYH�UXUDO�DQG�DJULFXOWXUDO�VWDWLVWLFV�RI�&KLQD���0RUHRYHU��LW�KDV�EHHQ�GHFLGHG�WR�UHSHDW�DJULFXOWXUDO

FHQVXVHV�DV�VDPSOH�FHQVXVHV�HYHU\����\HDUV�

7KH�SDSHU�DOVR�UHFRJQL]HV�WKH�LPSRUWDQFH�RI�LQWHJUDWLQJ�GDWD�IURP�DOO�VRXUFHV�LQ�DQ�RSWLPXP�ZD\���7KH

SDSHU�FRQFOXGHV�WKDW�WKH�VXFFHVVIXO�DJULFXOWXUDO�FHQVXV�KDV�LQFUHDVHG�WKH�GHPDQG�IRU�UXUDO�VWDWLVWLFLDQV

DQG�WKLV�VKRXOG�KHOS�&KLQD�WR�LPSURYH�GDWD�VRXUFHV�DFFRUGLQJ�WR�WKHLU�QHHGV���,W�PD\�EH�FRQFOXGHG�WKDW

WKH�IXWXUH�RXWORRN�IRU�DJULFXOWXUDO�VWDWLVWLFV�LQ�&KLQD�DSSHDUV�WR�EH�EULJKW�

�� ´,QWHJUDWLRQ�RI�$GPLQLVWUDWLYH�'DWD�ZLWK�6XUYH\�DQG�&HQVXV�'DWDµ

E\�0LFKDHO�7UDQW�DQG�3DWULFLD�:KLWULGJH��6WDWLVWLFV�&DQDGD

7KH�SDSHU�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�LQWHJUDWLQJ�DGPLQLVWUDWLYH�GDWD�ZLWK�FHQVXV�DQG�VXUYH\�GDWD�IRU

EXLOGLQJ�DQ�DJULFXOWXUDO�VWDWLVWLFV�V\VWHP���,Q�WKH�FRQWH[W�RI�UHVRXUFH�FRQVWUDLQWV�DQG�EXGJHW�FXWV�IRU

VWDWLVWLFDO�SURJUDPPHV��WKH�VXEMHFW�RI�WKH�SDSHU�LV�H[WUHPHO\�LPSRUWDQW���)RU�EXLOGLQJ�DQ�DJULFXOWXUDO

VWDWLVWLFV�LQIRUPDWLRQ�V\VWHP��DOO�DYDLODEOH�GDWD�QHHG�WR�EH�OLVWHG��DUUDQJHG�DQG�OLQNHG�LQ�DQ�RSWLPXP

ZD\���/DUJH�DPRXQWV�RI�GDWD�VXFK�DV�LPSRUW��H[SRUW�DQG�WUDGH�GDWD��ZKLFK�DOUHDG\�H[LVW�LQ

DGPLQLVWUDWLYH�UHFRUGV�DQG�ZKLFK�DUH�TXLWH�GLIILFXOW�WR�FROOHFW�RWKHUZLVH��PXVW�EH�XVHG�

%XW�DV�ULJKWO\�SRLQWHG�RXW��XVLQJ�VXFK�GDWD�LV�D�FKDOOHQJH�IRU�WKH�VWDWLVWLFLDQV���,W�QHHGV�OHJLVODWLRQ�

FRRSHUDWLRQ�EHWZHHQ�YDULRXV�DJHQFLHV��H[SHULHQFHG�VWDWLVWLFLDQV��IXQGV�DQG�DERYH�DOO�KDUG�ZRUN���7KH

H[WHQW�WR�ZKLFK�LQWHJUDWLRQ�RI�GDWD�LV�DFKLHYHG�GHSHQGV�RQ�WKH�GHJUHH�RI�PDWXULW\�RI�WKH�VWDWLVWLFDO

V\VWHP��WKH�TXDOLW\�DQG�DPRXQW�RI�LQIRUPDWLRQ�DYDLODEOH��WUDLQHG�DQG�H[SHULHQFHG�VWDII��IXQGLQJ��DQG

FRRSHUDWLRQ�DPRQJ�FRQFHUQHG�DJHQFLHV���&DQDGD�KDV�EHHQ�DEOH�WR�DFKLHYH�LQWHJUDWLRQ�RI�GDWD�DV�D�UHVXOW

RI�VXVWDLQHG�HIIRUWV�H[WHQGLQJ�RYHU�D�SHULRG�RI����\HDUV���0DQ\�FRXQWULHV�FRXOG�EHQHILW�IURP�WKHLU

H[SHULHQFH�LQ�WKLV�DUHD���%XW�PRVW�RI�WKH�GHYHORSLQJ�FRXQWULHV�VXIIHU�ODFN�RI�PRVW�RI�WKH�IDFLOLWLHV�OLVWHG

DERYH���0RUHRYHU��WKHUH�LV�QRW�PXFK�H[SRUWDEOH�VXUSOXV�RU�ODUJH�VFDOH�FRPPHUFLDO�DJULFXOWXUH�LQ�PDQ\

FRXQWULHV�ZKLFK�FUHDWH�PRUH�GHPDQG�IRU�GDWD�

,Q�WKH�FRQWH[W�RI�GHYHORSLQJ�FRXQWULHV�LQ�$IULFD�DQG�$VLD��LW�PD\�QRW�EH�WUXH�WKDW�PRVW�FRXQWULHV�KDYH

JRQH�WKURXJK�DQ�HYROXWLRQDU\�SURFHVV�LQ�HVWDEOLVKLQJ�WKHLU�DJULFXOWXUDO�VWDWLVWLFV�LQIRUPDWLRQ�V\VWHP��

$PRQJ�GHYHORSLQJ�FRXQWULHV��WKHUH�LV�DOVR�FRQVLGHUDEOH�YDULDWLRQ�ZLWK�UHJDUG�WR�WKH�VWDWH�RI�DJULFXOWXUDO

VWDWLVWLFV��SDUWLFXODUO\�LQ�FRXQWULHV�OLNH�0R]DPELTXH�DQG�$QJROD��ZKHUH�YHU\�OLWWOH�GDWD�RQ�DJULFXOWXUH

DUH�DYDLODEOH���$�YHU\�UHOHYDQW�SRLQW�PDGH�LV�WKDW�WKH�VWDWLVWLFDO�DJHQFLHV�H[LVW�LQ�RUGHU�WR�SURYLGH�XVHUV

ZLWK�DFFXUDWH��UHOHYDQW�DQG�UHOLDEOH�VWDWLVWLFDO�LQIRUPDWLRQ��EXW�WKHLU�ORQJ�WHUP�VXUYLYDO�GHSHQGV�RQ�WKHLU

DELOLW\�WR�HYROYH�DQG�DGDSW���8QOHVV�WKH�VWDWLVWLFDO�DJHQFLHV�UHDOL]H�WKHLU�UHVSRQVLELOLW\�DQG�IXOILOO�WKHLU

UROH�LQ�SURYLGLQJ�GDWD��WKH�XVHUV�PD\�ORVH�IDLWK�LQ�WKHP���$FFRUGLQJ�WR�SUHVHQW�LQGLFDWLRQV��GHYHORSLQJ



���

FRXQWULHV�ZLOO�WDNH�D�ORQJ�WLPH�WR�LQWHJUDWH�DOO�WKH�DYDLODEOH�GDWD�LQ�WKHLU�DJULFXOWXUDO�VWDWLVWLFV�V\VWHP��

7KH\�QHHG�QRW�RQO\�HQFRXUDJHPHQW��EXW�DOVR�ILQDQFLDO�DQG�WHFKQLFDO�VXSSRUW�IRU�WKLV�SXUSRVH�

�� &RQWULEXWHG�3DSHUV

7KH�SDSHU�´7KH�$UJHQWLQH�1DWLRQDO�&HQVXV�RI�$JULFXOWXUH�RI�����µ�E\�/LF��'HOLD�.HOOHU�JLYHV�VDOLHQW

IHDWXUHV�VXFK�DV�JHQHUDWLRQ�RI�HQYLURQPHQWDO��VXVWDLQDELOLW\�DQG�UHVRXUFH�PDQDJHPHQW�LQGLFDWRUV�

JHQGHU�LVVXHV�LQ�DJULFXOWXUDO�SURGXFWLRQ��DQG�WKH�H[WHQW�RI�XVH�RI�VSHFLDOL]HG�DJULFXOWXUDO�VHUYLFHV���%XW

DJDLQ��LW�LV�QRW�FOHDU�ZK\�WKH\�DUH�SODQQLQJ�D�FRPSOHWH�HQXPHUDWLRQ�DQG�QRW�D�VDPSOH�FHQVXV��

0RUHRYHU��WKH�ZD\V�DQG�PHDQV�WR�FRQWURO�QRQ�VDPSOLQJ�HUURUV�KDYH�QRW�EHHQ�FRYHUHG�LQ�WKH�SDSHU�

7KH�SDSHU�´([SHULHQFHV�ZLWK�&HQVXV�RI�$JULFXOWXUH�LQ�.RUHDµ�E\�'RQJ�.HXQ�.LP�KLJKOLJKWV�WKH

LPSRUWDQFH�RI�DJULFXOWXUDO�FHQVXV�GDWD�LQ�.RUHD�EHFDXVH�FHQVXV�ZDV�FRQGXFWHG�DIWHU�ILYH�\HDUV�LQ�����

LQ�SODFH�RI�D�GHFHQQLDO�FHQVXV���6DOLHQW�IHDWXUHV�RI�WKH�FHQVXV�DUH�ZHOO�VXPPDUL]HG�LQ�WKLV�SDSHU��H[FHSW

WKH�VWHSV�WDNHQ�WR�HQVXUH�WKDW�WKH�GDWD�FROOHFWHG�ZHUH�RI�VXIILFLHQWO\�KLJK�TXDOLW\���.RUHD�PD\�DOVR

FRQVLGHU�WKH�SRVVLELOLW\�RI�XQGHUWDNLQJ�VDPSOH�FHQVXVHV�LQ�SODFH�RI�FRPSOHWH�FHQVXVHV�

�� &RQFOXVLRQ

$JULFXOWXUDO�FHQVXV�LV�DQ�LPSRUWDQW�FRPSRQHQW�RI�DQ�LQWHJUDWHG�DJULFXOWXUDO�VWDWLVWLFV�SURJUDPPH�DQG�LV

WKH�PDLQ�VRXUFH�RI�EHQFKPDUN�GDWD�IRU�VWXG\LQJ�FKDQJHV�LQ�DJULFXOWXUDO�VLWXDWLRQ���7KH�RWKHU�VRXUFHV�RI

GDWD�RQ�DJULFXOWXUH�DUH�VDPSOH�VXUYH\V��DGPLQLVWUDWLYH�UHFRUGV�DQG�UHVHDUFK�VWXGLHV���'HPDQG�IRU

DFFXUDWH�DQG�UHOLDEOH�GDWD�RQ�YDULRXV�DVSHFWV�RI�DJULFXOWXUH�LV�LQFUHDVLQJ���,Q�RUGHU�WR�VWUHQJWKHQ

DJULFXOWXUDO�VWDWLVWLFV�V\VWHPV��LW�LV�QHFHVVDU\�WKDW�YDULRXV�VRXUFHV�RI�GDWD�DUH�LPSURYHG�DQG�LQWHJUDWHG�WR

PHHW�WKH�GDWD�QHHGV�RI�XVHUV���0DQ\�LPSRUWDQW�LVVXHV�KDYH�EHHQ�UDLVHG�E\�WKH�DXWKRUV�DQG�XVHIXO

VXJJHVWLRQV�KDYH�EHHQ�PDGH�WR�DGGUHVV�WKHVH�LVVXHV���7KH�PDLQ�LVVXHV�DUH�

& $JULFXOWXUDO�FHQVXV�DV�DQ�LPSRUWDQW�VRXUFH�RI�GDWD�

& ,VVXHV�UHODWLQJ�WR�VHSDUDWLQJ�DJULFXOWXUDO�FHQVXV�GDWD�LWHPV�IURP�DJULFXOWXUDO�VDPSOH�VXUYH\

LWHPV�

& ,PSOLFDWLRQV�RI�FKDQJH�IURP�DQQXDO�FHQVXV�WR�DQQXDO�VXUYH\�DQG���\HDUO\�FHQVXV�LQ�$XVWUDOLD�

& /RZ�SDUWLFLSDWLRQ�E\�$IULFDQ�FRXQWULHV�LQ�DJULFXOWXUDO�FHQVXVHV�DQG�VXJJHVWLRQV�OLNH�HVWDEOLVKLQJ

D�FHQVXV�SURJUDPPH�WR�FRPELQH�ERWK�DJULFXOWXUDO�DQG�SRSXODWLRQ�GDWD�

& 'DWD�TXDOLW\�DQG�QHHG�WR�FRQWURO�VDPSOLQJ�HUURUV�

& 6LPSOLI\LQJ�WKH�PHWKRGRORJ\�RI�DJULFXOWXUDO�FHQVXV�VDPSOLQJ�GHVLJQV��PHWKRGV�RI�GDWD

FROOHFWLRQ��HWF��

& 8VH�RI�VDPSOH�HQXPHUDWLRQ�LQ�SODFH�RI�FRPSOHWH�HQXPHUDWLRQ�LQ�DJULFXOWXUDO�FHQVXVHV�

& $GYDQWDJHV�RI�OLQNLQJ�LQWHUFHQVDO�VXUYH\V�ZLWK�DJULFXOWXUDO�FHQVXVHV�WKURXJK�WZR�SKDVH

VDPSOLQJ�

& 8VLQJ�VLPSOH�VDPSOLQJ�GHVLJQV�LQ�VDPSOH�FHQVXVHV�VXUYH\V�

& 1HHG�WR�LQWHJUDWH�DGPLQLVWUDWLYH�GDWD�ZLWK�GDWD�IURP�DJULFXOWXUDO�FHQVXVHV�DQG�VXUYH\V��DQG

& 3UREOHPV�GLIILFXOWLHV�IDFHG�E\�GHYHORSLQJ�FRXQWULHV�LQ�WKH�SURFHVV�RI�LQWHJUDWLQJ�GDWD�IURP

YDULRXV�VRXUFHV��DQG�WKH�QHHG�IRU�WHFKQLFDO�DQG�ILQDQFLDO�VXSSRUW�


